Dominant temporal lobectomy is classically performed according to two criteria: a perfect knowledge of the temporo-mesial microsurgical anatomy, and cortical landmarks laterally. However, the functional anatomy of the subcortical white matter tracts is less taken into account, despite the risk to induce a permanent deficit (especially aphasia) if damaged. Even if Klinger's technique allows to dissect fibers on cadaveric specimen, the exact 3D geometry of these fasciculi remains poorly described.
Introduction
Since many decades, neurosurgeons perform temporal lobectomy in the dominant hemisphere, preserving the anterior part of the superior temporal gyrus as well as the mid part of the middle temporal gyrus, while resecting the anterior and mid part of the inferior temporal gyrus without any functional consequences, especially on language [1] . This usual view has been challenged since a major intervindividual anatomo-functional variability for language has been demonstrated at the level of the lateral temporal cortex, using both intraoperative electrostimulation [2] and functional neuroimaging [3] . Indeed, the anterior part of the superior temporal gyrus and the mid part of the middle temporal gyrus may be involved in language. When evidenced intraoperatively, these areas have to be preserved [2] . In addition, temporo-basal areas can also play a role in language, even if their resection does not systematically cause definitive deficit [4] .
Thus, preoperative as well as intraoperative cortical mapping techniques have been introduced in order to tailor the cortical resection of the dominant temporal lobe according to functional boundaries, initially for epilepsy surgery [2] , and then for glioma surgery [5] . However, because glioma spread along white matter fasciculi, intraoperative subcortical stimulation has been proposed, about ten years ago, in order to stop the resection as close as possible to eloquent subcortical pathways [6] .
Similarly, in epilepsy surgery, the resection of cortical foci is often associated with a disconnection of white matter tracts [1] . However, functional damage during this disconnection must be avoided, in order to preserve the quality of life [7] .
Thus, the aim of this paper is not to describe the well known anatomical landmarks of a temporo-mesial lobectomy [8, 9] , and neither to detail the limbic 4 connectivity of temporo-mesial structures involved in memory processing. We will rather attempt to describe additional and reliable landmarks given by functional white matter pathways (with special emphasis on language), in order to make the resection of the dominant temporal lobe more reproducible and safer, not only for glioma surgery, but also for corticectomies in epilepsy surgery.
Methodological advances in subcortical mapping
Recent developments of diffusion tensor imaging (DTI) have enabled the non invasive study of white matter bundles, in particular those thought to be involved in language [10] . However, DTI gives only anatomical information, and cannot provide details regarding the function sustained by the fibers.
Interestingly, during brain surgery for resection of a tumor invading both cortical and subcortical structures, it is now a common clinical practice to awaken patients in order to assess the functional role of restricted brain regions, so that the surgeon can maximise the extent of the resection without generating neither motor, sensory nor cognitive (especially language) impairments. Patients continuously perform functional tasks, while the surgeon temporarily inactivates localized regions within the grey or white matter around the lesion, using electrical stimulations. If the patient stops speaking or produces wrong responses, the surgeon does not remove the stimulated region. Indeed, it has been demonstrated that resection too close to structures that are considered as eloquent on the basis of electrical mapping, induced postoperative deficit [5] . Therefore, intraoperative electrostimulation is able to identify, with a great accuracy (5 mm) and reproducibility, the structures that are essential for the brain function, not only at cortical but also at subcortical levels [11] . 5 Moreover, combining the precise functional disturbances elicited by stimulations with the anatomical data provided by pre-and post-operative magnetic resonance imaging (in particular DTI), has enabled to perform reliable anatomo-functional correlations, especially with regard to the subcortical pathways [12] [13] [14] . In comparison to the voxel-based lesion -symptom mapping, which analyzes the relationship between tissue damage and behavior in patients with a neurological deficit [15] , electrical mapping offers the possibility to study the relationship between brain and behavior in subjects with no or only very slight neurological disorder -since stimulation generates the effects of a transient virtual lesion [15] .
On the basis of this methodological progress, it is now possible to integrate the better knowledge of the subcortical connectivity in the surgical planning of temporal lobectomy within the dominant hemisphere. To this end, we will study successively the different fasciculi which will be encounter during a resection of the temporal lobe, from anterior to posterior (Fig 1) .
White matter (functional) landmarks in temporal lobectomy

Uncinate fasciculus
This pathway connects the anterior part of the temporal pole, the uncus, amygdale and hippocampal gyrus to the orbital and polar frontal cortex [16] . A reduced leftgreater-than right asymmetry of uncinate fasciculus has been linked to schizophrenia by in vivo DTI study [17, 18] , altought post-mortem studies failed to confirm this hypothesis [19] . Moreover, this tract is regularly sectioned in epilepsy surgery, without inducing major personality disorders. Thus, to the present date, the functional role of the dominant uncinate fasciculus remains speculative, and its resection is widely admitted.
Inferior longitudinal fasciculus
This tract, first described by K.F. Burdach in 1822, connects the anterior part of the temporal lobe to the occipital lobe, and runs laterally and inferiorly to the lateral 6 wall of the temporal horn. Recent DTI studies [20] have demonstrated the existence of both a direct and indirect pathway (constituted by U-shaped fibers of the occipitotemporal projection system). Interestingly, while the inferior longitudinal fasciculus was supposed to play a role in emotional processing -likely through a wide network also involving the uncinate fasciculus -, a recent brain stimulation study has demonstrated that this tract was not essential for cognitive function, especially for language [21] . As a consequence, its disconnection or resection can be performed with no ecological consequence on the quality of life, even in the dominant hemisphere, as for the uncinate fasciculus. These findings are in accordance with the classical view concerning the temporal lobectomy, i.e. that it is possible to remove the inferior temporal gyrus and the fusiform gyrus (in addition to the temporal pole), without generating permanent deficit.
Interestingly, some studies have also proposed that this resection might be performed very posteriorly, even if the existence of cortical eloquent areas have been suspectednamely that language disturbances have been elicited by cortical electrostimulation at the level of the so-called postero-basal temporal areas [4] .
Inferior occipito-frontal fasciculus
This tract comes from the occipital lobe and postero-lateral temporal areas, then runs laterally and superiorly to the lateral wall of the temporal horn, and continues antero-superiorly to the orbito-frontal and dorso-lateral prefrontal cortices via the anterior floor of the external capsule under the insular lobe [22, 23] . Recently, using intraoperative subcortical mapping, it has been demonstrated that direct electrostimulation of this pathway induced semantic paraphasias (i.e. errors with regard to the meaning of the word target) with a high reproducibility [24] . These observations have provided strong arguments in favour of the fact that the inferior occipito-frontal fasciculus was a subcortical pathway underlying the "ventral stream", crucial for language semantic processing, and able to compensate the inferior longitudinal fasciculus -thus explaining why this latter can be removed without deficit [21] . 7 As a consequence, the inferior occipito-frontal fasciculus has absolutely to be preserved at the end of surgical resection in the depth of the dominant temporal lobe [24] . Interestingly, in the anterior floor of the external capsule, this pathway is located immediately medially and above the uncinate fasciculus [22] . Therefore, since the uncinate fasciculus can be resected, the inferior occipito-frontal fasciculus represents the postero-superior and deep limit of the resection of the temporal pole, at the level of the "pli falciforme de Broca". More posteriorly, the temporal part of this pathway represents the supero-mesial and deep boundary of the resection, above the roof of the temporal horn of the ventricle [24] . Indeed, the roof of the ventricle is a good anatomical landmark to distinct the inferior lateral fasciculus (below) and the inferior occipito-temporal fasciculus (above).
Finally, it is worth noting that, since this tract connects the frontal lobe to the postero-lateral temporal cortex, the posterior limit of the resection at the cortical level (superior and middle temporal cortices) depends on the individual distribution of the language sites detected using brain mapping techniques. However, the subcortical postero-lateral boundary of the resection has also to be determined. The temporal part of the arcuate fasciculus may represent this limit.
Superior longitudinal fasciculus
The superior longitudinal fasciculus (or arcuate fasciculus) is a fiber tract stemming from the caudal part of the posterior and superior temporal cortex (mainly Wernicke's area) that arches around the insula and projects forward to end within the frontal lobe (mainly prefrontal and premotor gyri, especially Broca's area) [25] . With regard to functional aspects, Wernicke and then later Geschwind postulated that lesions of this tract would produce conduction aphasia. Recently, the different parts of the arcuate fasciculus have been identified using intraoperative subcortical stimulations, by eliciting reproducible phonemic paraphasias, namely disorders that affect the phonological form of the words [26] . As a consequence, it is mandatory to preserve this 8 pathway, which subserves the "dorsal phonological stream". Thus, the anterior wall of the temporal part of the arcuate fasciculus, running vertically at the outer surface of the ventricle, represents the subcortical postero-lateral boundary of the resection [26] .
Optic radiations
The optic pathways are located just medially and above the inferior longitudinal fasciculus, whereas the inferior occipito-frontal fasciculus runs medially and above them [22, [27] [28] [29] . Interestingly, it was recently demonstrated that it was possible to identify these visual tracts intraoperatively, by eliciting transient shadow during their direct electrostimulation [26] . It is very important to preserve the optic radiations at this level, to avoid a permanent postoperative hemianopsia, a deficit which prevents to lead a normal life (e.g. for driving) -conversely to a single quadrantanopsia, frequently induced following a temporal lobectomy, but which has no ecological consequence on the quality of life. As a consequence, this tract has to represent the postero-superior and deep limit of a temporal lobectomy.
Finally, in the depth, the pyramidal pathway [30] , running within the posterior limb of the internal capsule, and easily detectable using intraoperative stimulation, has to be preserved: this tract constitutes the most posterior mesial boundary of the resection.
Conclusion
The better knowledge of the anatomo-functional organization of the subcortical pathways may provide additional and reliable landmarks to perform temporal lobectomy in the dominant hemisphere. Indeed, while it is currently well-known that slow-growing lesion may induce functional cortical reshaping, due to cerebral plasticity mechanisms [31] , such reorganization is negligible within the white matter [6] . As a consequence, the subcortical landmarks here detailed are very reproducible, and can be useful to optimize the benefit/risk ratio of temporal lobectomy, that is to perform a large resection 9 of pathological tissue (during glioma as well as epilepsy surgery) without postoperative impairment of language function. Intraoperative stimulation is still the gold standard to map these functional pathways, but in a near future, intraoperative MRI combined with pre-operative DTI could allow their intraoperative identification with a great accuracy [32, 33] . fasciculus (green), inferior fronto-occipital fasciculus (red), uncinate (yellow), optic radiation (OR) was performed using the ROIs described by Catani et al. [23] A "two regions of interest" approach was used for each fasciculus tracking. The procedure, described by Basser et al. [34] , consisted in defining a second ROI, at a distance from the first ROI, such that it contained at least a section of the desired fasciculus but did not contain any fibres of the undesired fasciculus that passed through the first ROI. DTI and high-resolution 3-D anatomical images (B, C, D) was registered using Brainvisa 3.0.2.
Figure Legend
The displaying of derived tracts was performed using Anatomist 3.0.2 (http://brainvisa.info).
We have drawn a virtual resection cavity (CAV) according to essential subcortical pathways (inferior fronto-occipital fasciculus and arcuate fasciculus), while removing the "non essential" tracts (uncinate, inferior longitudinal fasciculus and anterior part of the OR). By reporting this cavity on the 3-D surface reconstruction (A), we have obtained a resection similar to those classically reported in the literature -according to cortical boundaries.
